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Abstract 
Khakassia is a unique region with semi-arid climate in the Russian Federation where there are a lot of saline lakes. These 
lakes are visited by a great number of people every year. As a result, saline lakes in Khakassia are exposed to 
anthropogenic influence. In this article distinctive features of the chemical and microbial composition of some saline lakes 
are considered. The distribution of such various bacteria physiological groups as enterobacteria, mesophillous saprophytes, 
psychrophilic saprophytes, oligotrophs and etc. is shown. A special attention is paid to the assessment of ecological state 
of some saline lakes. The ecological state of all lakes is found to be moderately polluted and polluted, but their self-
purification potential is not still exhausted.   
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1. Introduction 
Khakassia is a unique region with semi-arid climate in the Russian Federation where there are a lot of 
saline lakes of different sizes and chemical compositions. A great number of people visit these lakes every 
year for camping, swimming and spa procedures so the impact of human activity on ecosystem of the lakes, 
water quality and watershed area is very significant. For this reason the evaluation of the ecological state of 
these lakes is very important and crucial task. Both microbial and chemical compositions allow to estimate 
water quality, moreover the first one can be used for appreciation of  lakes self-purification capacity.  
The chemical composition of the saline lakes (the Shira, the Tus, the Shunet, the Beleyo and etc.) in 
Khakassia is well studied (Banks et al., 2004, Guseva et al., 2013 and etc.), but there is no much information 
about microbial composition of these lakes especially about using it for a water quality assessment, except the 
Shira  and the Shunet which were studied very well (Lobova et al., 2004, Rogozin D.Yu. et al., 2012).   
2. Materials and Methods 
The sampling area is located in South-Central Siberia, within the region of the Altai-Sayan Mountains. 
This region is characterized by semi-arid climate. The annual average precipitation is 250 mm. The relief is 
quite various, from mountains of 1100 m height to and alluvial plains of 200 m height.  
Fig. 1. Scheme of the location of the sampling lakes in Khakassia. 
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This study is based on the results obtained from the saline lakes sampling. In July 2012, samples of water 
were taken from various parts of the five lakes: the Sulfatnoe, the Shira, the Shunet, the Small Beleyo, the Big 
Beleyo and the Tus. July is the most popular month for visiting these lakes by tourists, so a huge impact of 
human activity on ecosystem of these lakes is observed at this time. The position of sampling lakes is shown 
below (Fig. 1). 
The pH, temperature and Eh values were measured by water test in situ. Water samples were investigated 
by the following methods: tytrimetric (ɇɋɈ3–, ɋɈ3 2–, Cl–, Ca2+, Mg2+), turbidimetric (SO42–), inductively 
coupled plasma mass spectrometry (Na+, K+).  
The water samples for microbiological analyses were taken in sterile bottles. Enumeration and isolation of 
microorganisms were carried out according to traditional methods (Romanenko et al., 1974), which are based 
on a purification and a cultivation of microorganisms in liquid and agar conventional mediums, containing all 
necessary components for nutrition and energy. The selective mediums were prepared for active growing 
microorganisms of different geochemical groups. All these analyses were fulfilled at the Hydrogeochemical 
Laboratory of Tomsk Polytechnic University. 
3. Results and Discussion 
Results of the chemical composition analysis and field measurements are presented in Table 1. The waters 
of the lakes are distinct by their TDS ranged from 9 to 130 g/l.  
Table 1. Chemical composition of saline lakes (mg/l). 
 
The highest TDS 130 g/l is observed at Tus lake (Table 1). The TDS of the Big Beleyo is the lowest among 
considerable lakes. Measured pH values lay mostly in the range 8.3 – 9.2. The anionic composition of saline 
lakes is not so various. Sulphate is the major anion in the comical composition of all studied lakes (Fig. 2). 
The Tus and the Shunet water contains and sulfate in the equal ratio.  
Lake pH CO2 HCO3- SO42- Cl- Ca2+ Mg2+ Na+ K+ TDS 
Sulfatnoe 9 98 532 16194 5148 116 808 9383 70 32349 
Tus 8,3 120 1488 55772 35145 280 8296 28898 406 130405 
Shunet 8,7 72 634 5500 3447 120 1220 2713 26 13732 
Shira 8,8 122 832 8623 2024 52 1115 3663 43 16474 
Small Beleyo 9,2 310 1303 6100 1420 22 914 2792 55 12915 
Big Beleyo 9,1 190 981 4408 834 16 588 2003 45 9065 
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Fig. 2. Piper diagram with the data of the chemical composition of Khakassia saline lakes. 
Sulfatnoe Lake is mainly sulphate-containing, but the chloride content is 29 % expressed as equivalents. 
Chloride and sulfate content tend to increase with TDS. Content of cationic species is not as variable as the 
anionic species in all the lakes. Sodium is a dominating cathion of these lakes, whereas the Shunet contains 
both magnesium and sodium in equal proportions.  
The results of the microbial composition analyses are presented in Table 2. Presence or absence of 
enterobacteria and mesophillous saprophytes in water lakes is the main criteria for assessment of recreation 
water quality. These bacteria are the allochthonous microflora which characterizes sanitary and hygienic 
condition of ecosystem. A great deal of enterobacteria and mesophillous saprophytes including Proteus 
vulgaris were observed in studied lakes (Tab. 2). Most of them are shown in the Shunet, the Sulfatnoe, the Big 
Beleyo, while fewest are appeared in the Small Beleyo. Both this facts and distribution inhomogeneity water 
area and depth depend on lake attendance by people, the greatest number of microorganisms in water is noted 
near beach, shallow waters and camping areas.  
Table 2. Microbial composition of saline lakes. 
Lake Bacterium physiological groups Oligotrophic 
index 
Self-
purification 
capacity 
Ecological 
state 
Enterobacteria, 
cells/ml 
Mesophillous  
saprophytes, 
cells/ml 
Psychrophilic 
saprophytes, 
cells/ml 
Oligotrophs, 
cells/ml 
Sulfatnoe 1060 950 7160 41400 5,7 + polluted 
Tus 120 140 160 1860 11,5 + moderately 
polluted 
Shunet 70 80 640 7040 11 + moderately 
polluted 
Shira 260 200 910 16630 18,2 + moderately 
polluted 
Small Beleyo 40 10 4510   + polluted 
Big Beleyo 6400 4500 16400 379200 22,7 + polluted 
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Psychrophilic saprophytes are the main element of self-purification. The quantity of psychrophilic 
saprophytes in the studied lakes is higher than of allochthonous microflora. A great number of them is in the 
Sulfatnoe, the Big Beleyo and the Small Beleyo. The quantity of psychrophilic saprophytes depends on 
concentration of labile organic matter in water ecosystems. They destroy it in water having enough 
concentration of oxygen and mineral substances. According to the distribution of psychrophilic saprophytes 
the ecological state of all studied lakes is considered to be polluted. 
Oligotrophs are the dominant bacterium physiological group in all studied lakes. The largest number of 
oligotrophs is found in such lakes as the Big Beleyo, the Shira and the Sulfatnoe. Oligotrophic index is the 
ration between oligotrophs and psychrophilic saprophytes, which characterizes the self-purification capacity 
of water in aquatic system. The oligotrophic index varies from 1.1 to 44 in studied lakes. The intensity of self-
purification processes is not the same in different lakes and in different parts of each lake.  
The main anion in chemical composition of the lakes is sulphate. Both this facts and that ecological state of 
aquatic systems depends on a presence in them the microorganisms of sulphur biogeochemical cycle. The 
main process in sulphur biogenic cycle is known to be sulphate-reducing. The main participants in this 
process are bacteria, which can grow even in the environment with a low amount of organic matter. The 
process of sulphate-reducing can be the reason of both the behaviour of several components in water and the 
whole chemical composition changes.  
Sulphur reducing bacteria were observed in all studied lakes, but their quality and activity vary in different 
lakes. The distribution of these bacteria in the water area and the depth is chaotic in each lake. The highest 
activity of these bacteria is noted in the Tus and the Sulfatnoe. It is known, a great number and high activity 
of sulfur reducing bacteria is observed in near-bottom waters and bottom sediments. The distraction of 
organic matter by sulfur reducing bacteria is followed by reduction of sulfate to sulfide. Mostly this process 
does not so much depend on quantity of microorganisms as their activity. The sulfide concentration is very 
low in water lakes. It can be related to both low activity and small amount of sulfur reducing bacteria and also 
a great number of thiobacteria.  
Table 3 Microorganisms of sulphur biogeochemical cycle in Khakassia saline lakes 
Lake Thiobacteria autotrophic 
(Thiobacullus thioparus),  
cells/ml 
Thiobacteria mixotrophic 
(Thiobacullus intermedius), 
cells/ml 
Sulfur reducing bacteria, 
cells/ml 
Sulfatnoe 8600 140 100 
Tus 120000 4000000 101 
Shunet - 2340000 101 
Shira 29000 96440 101 
Small Beleyo 14460 56000 100 
Big Beleyo 51740 1740 101 
 
Among thiobacteria the most dispersed species is Thiobacillus intermedius. Their quantity varies from 140 
to 4000000 cells/ml in the studied water. These bacteria can play a significant part in transformation of 
organic and inorganic matter in sulfate waters. The maximum quantity of Thiobacillus intermedius is 
observed in the Tus and the Shunet 4000000 and 2340000 cells/ml respectively.  
Besides the obligate autotrophic bacteria (Thiobacillus thioparus) were found in the lakes. These 
microorganisms oxidize sulfide into molecular sulfur. The highest quantity of Thiobacillus thioparus were 
observed in the Tus 120000 cells/ml, whereas the lower one is in the Small Beleyo, the Sulfatnoe and the 
Shira. Both Thiobacillus intermedius and Thiobacillus thioparus prevent accumulation of sulfide in water.   
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4. Conclusion  
According to this investigation all studied lakes are characterized by eutrophication processes. The main 
chemical contaminant of the water lakes is labile organic matter. Microbial contamination of lakes is 
conditioned by a presence of allochthonous microflora such as enterobacteria and mesophillous saprophytes. 
Both of them flow into lakes with surface runoff, quantity and quality of which depends on the value of 
anthropogenic influence.  
All lakes can be ranged using the complex of microbial indicators of aquatic system contamination by 
labile organic matter and opportunistic pathogenic bacteria (in descending order of pollution) as following:   
the Big Beleyo, the Sulfatnoe, the Shunet, the Shira, the Tus, the Small Beleyo. 
In spite of the ecological state of all lakes is considered to be moderately polluted and polluted, their self-
purification potential is not exhausted. It is necessary to organize the environmental engineering measures for 
contamination protection of these lakes.  
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